Abstract. In this study, the sorption of heavy metals (Cu 2+ , Pb 2+ , Zn 2+ and Cd 2+ ) from simulated metallurgical wastewater by sepiolite under different dosage, pH, adsorption time and temperature conditions was investigated. The results showed that adsorption increased with the increase of adsorbent dosage until the adsorption equilibrium was reached. When the pH is 6, adsorption of heavy metal ions by sepiolite was in the order of Cu 2+ > Zn 2+ > Pb 2+ > Cd 2+ and removal rates of the metal ion were 91%, 90%, 91%, 84%, respectively. The effect of adsorption time on adsorption was not significant. At room temperature, with the adsorption time 45 min, the adsorption of metal ions is almost saturated, adsorption of Cu 2+ , Pb 2+ , Cd 2+ and Zn 2+ was 13.05mg/g, 85.47mg/g, 62.36mg/g and 15.67mg/g, respectively.
Introduction
Metallurgical waste is the main source of heavy metal in water environment. Heavy metal ions can be accumulated by aquatic organisms and then endanger human health through the food chain. Therefore, removal of heavy metal ions is an important and pressing topic in water treatment technology. Methods of heavy metal ions removal from the water include chemical precipitation, electrolysis, reverse osmosis, ion exchange, and activated carbon adsorption. Natural bentonite, montmorillonite, sepiolite, diatomite and other mineral materials have large specific surface area and have functions of adsorption, ion exchange and chemical activity. Natural mineral materials application in wastewater treatment is widely concerned in the world [1] [2] [3] [4] [5] .
Sepiolite is a catenulate and layered silicate mineral containing water, with a 2:1 structure. Its typical chemical structure is Mg 8 Si 12 O 30 (OH) 4 (H 2 O) 4 ·8H 2 O. Its structure unit as silicon-oxygen tetrahedron and magnesium octahedron alternating makes sepiolite has large surface area, high porosity, high adsorption capacity and ion exchange capacity [6] . It can be used to remove heavy metals in water environment by ions exchange between the sepiolite and heavy metals in water. In this study, natural sepiolite was selected to investigated its adsorption of Cu 2+ , Pb 2+ , Zn 2+ and Cd 2+ in the simulated metallurgical wastewater.
Materials and methods

Materials.
A certain amount of CuCl 2 , ZnCl 2 , PbCl 2 and CdCl 2 have been prepared for simulated non-ferrous metallurgy wastewater. The reagents in this experiment are all analytically pure and the solvent is deionized water. The concentration of Cu 2+ , Pb 2+ , Zn 2+ and Cd 2+ were 10 mg/L, 56 mg/L, 40 mg/L and 10 mg/L and the pH values were adjusted to 4 with 1mol HCl. Sepiolites were purchased from Chifeng City of the Inner Mongolia Autonomous Region. The contents of Cu, Pb, Zn, Cd was tested by flame atomic absorption spectrometry (Shimadzu, AA-6800).
Methods. Sepiolite purification: the sepiolite was screened in 80 meshes to remove the impurity substance. Then the sepiolite was put into water (1:20), while adding a certain amount (5%) of the six-metaphosphoric acid. Intermittent stirring 24 hours later, stand and waited for precipitation. Upper suspension was pumped, filtered and washed by distilled water, as repeated three times. Vacuum drying for 12 hours in oven at 140 °C and grinding, the refined sepiolite was gained.
Adsorption factors: In order to determine the optimal adsorption conditions, the removal rate of heavy metal ions were calculated to study the adsorption properties of sepiolite to by changing the amount of adsorbent, adsorption time, pH, adsorption temperature.
During the experiment, Cu 2+ , Pb 2+ , Zn 2+ , Cd 2+ was measured by flame atomic absorption spectrometry. Removal rate of heavy metal ions was calculated using the following formula:
(1) Therein: η-Adsorption rate , % C 1 -ion concentration wastewater before treatment, mg/L C 2 -ion concentration wastewater after treatment, mg/L
Results and Discussion
Effects of Sepiolite dosage on adsorption of Cu
2+
, Pb
, Zn 2+ and Cd
. Natural sepiolite with the dosage of 0.2g, 0.4g, 0.6g, 0.8g and 1.0 g was respectively put into 5 copies of 50ml wastewater as mentioned above were collected in flasks at room temperature. After 45 min of oscillation adsorption, the ion removal rates were determined (Fig 1) . , Zn 2+ and Cd
As shown in Fig 1, when the initial dosage of sepiolite is 0.2g, removal rate of Zn 2+ in wastewater was the highest, followed by Cd 2+ and Pb 2+ , and that of Cu 2+ was the lowest. With the increase of sepiolite dosage, the ion removal rates increased. This is because the increase of sepiolite increases the adsorbent surface adsorption sites, and enhances the adsorption of various heavy metal ions.When the dosage of sepiolite is 0.6g, the adsorptive capacity to Cu 2+ , Pb 2+ , Zn 2+ and Cd 2+ is close to the maximum. As the dosage exceeds 0.6g, the ion removal rates were only increased slowly. When the dosage is 1g, the removal rate of Zn 2+ was the highest wich reached 96.8%, followed by Pb 2+ and Cu 2+ , the removal rate of Cd 2+ was the lowest. Therefore, the most suitable dosage of sepiolite was 0.6 g/50ml in this experiment.
Effects of adsorption time on removal rate of Cu
. 4 copies of 50ml wastewater were collected in flasks. 0.6g sepiolite was added in this solution within 15min, 30min, 45min, 60min of oscillation adsorption, respectively. The ion removal rates were calculated. (Fig 2 ) . It can be seen from Fig 2, . 5 copies of 50ml wastewater were collected in flasks with solution pH values of 2, 4, 6, 8 and 10 at room temperature, respectively. 0.6g sepiolite was added in these flakes, for the purpose of determining the removal rate of cations after 45 min of oscillation adsorption. (Fig 3) . It can be seen from Fig 3, the removal rate of Pb 2+ , Zn 2+ ion increased with increasing pH value. When the pH value is 6, the adsorption capacity of metal ions was close to saturation. The adsorption capacity of heavy metal cations in sepiolite was in the order of Cu 2+ > Zn 2+ > Pb 2+ > Cd 2+ and the removal rates was 91%, 90%, 91%, 84%, respectively. With the pH value continues to increase, the small increase of removal rate of metal ions was observed. Therefore, solution pH 6 was selected in others adsorption experiments. 
The negative charge of sepiolite comes from two parts. One is the permanent structural charge, which mainly comes from the isomorphous replacement of Al 3+ to Si 4+ in the silicon-oxygen tetrahedron and has nothing to do with the pH value. The other is the variable charge affected by the pH value which forms by many Al-OH, Si-OH and other radicals on the surface of sepiolite in the process of combining with . 4 copies of 50ml wastewater were collected in flasks, with 0.6g sepiolite, 45 min of adsorption equilibrium time. These flasks were put into constant temperature oscillator with temperature of 25 ˚C, 35 ˚C, 45 ˚C and 55 ˚C, respectively. The ion removal rates were also measured and results could be found in Fig 4. As shown in Fig 4, Effect of , Zn 2+ and Cd 2+ in Sepiolite. In the same condition of solution pH, sepiolite particle size, the dosage and external circumstances, adsorption capacity of heavy metal cations on Sepiolite mainly depend on the hydration heat, ionic radius, the effective hydrated ion radius, electrovalence of heavy metals cations and etc. More is the hydration heat, ionic Advanced Materials Research Vols. 726-731radius, the effective hydrated ion radius of metal cations, its hydrated ions are more difficult to dehydrate and adsorb on the same surface. Therefore, the hydration heat of heavy metal cations is the important factor of determining the priorities of different heavy metal cations been adsorbed on the surface of same mineral [7] .
It can be seen from 
